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introduction

Photonics technology offers a multitude of applications and major benefits in the
dcvclopmcnt of future spaceborne coI~~I~l~ll~icatiol~s  systems with high
performance and’ 16w mass/si zc rcc]uircmcnts. ‘1’hesc applications inc]ucle not
only signal distribution/control functions, but also optical signal processing,
phased array antennas, sensors, instruments, and gyros. }~igurc 1 illustrates the
insertion of photonic technology into spacecraft. ])hotonic tcchno]ogy offers the
capability to link all spacecraft data, control, and sensors functions with the
mi crowavc col~~~]~~l~licatio~~s  systems within a common architecture. Both radio
frequency (R1~) and digital signals share a sing]c fiber optic bus thus rcclucing
overall systcm mass, and volume. Optics] fibers rcp]acc conmloJI wavcguidc,
coaxial lines and shiclc]cd wires whi]c increasing radio frequency interfcrcJ~cc
(R]d) immunity, simplifyiJlg routing, and enabling higher dcgrccs of redundancy
and/or parallelism.

“1’hc series of mi ssioJls that appear to bcJwfit  most are Mars ]h~vironnlcJ~ta]
,Survcy, 1.unar Orbiter, 170CUSCC1 Small Missions, and ,Submillimctcr Research.
Specific te,]ccolllTlltlllicatioJls  syste.Jn dcsigJls enable sinm]tancotJs transmit and
rcccivc conlnmJ~ications with multiple rovers and micro-orbiters without
expending spacecraft rcsourccs  for the pointiJ~g body fixed antennas. Optical
sanq}]iJlg,  signal processing and computiJ~g wi]] simp]ify communications systcJm
architecture iJ~ satclli tc systems such as ‘1’111<SS, and AC’1’S. “1’hc other systems
that will bcJ~cfit i ncludc mobile, cable, and fiber optic coJnn~unicatioJl links.

A]though thCrC haS bccJl a spur of activity iJl rcccJlt years in the tcchJlo]ogy
dcvc]opJncJlt  of photoni c integrated circuits (])]C) and optoe]cctronic  iJltcgratcd
circuits (OIHC), very limited work has addressed the areas of reliability and cost
reduction. ‘J’cchJlo]ogy maturity, reliability, ]OW cost aJ~d flight denloJlstration
arc imperative iJl the insertion of photonic  tech J~o]ogy in the spacecraft



collllllllllicatiolls applications. “1’ab]c 1 provides an assessment of the state-of-the-
m-t phdonic technology. lntcgratcd  photonic components that have been fairly
WC]] developed include lascrhnoclulators,  optical rcccivcrs, laser/amplifiers, and
fiber-optic components. ‘1’hc components requiring further IUD inc]udc optical
samplers/n3ixcrs applied to col;lllltll~icatiills,  photonic swi
processing, and higher function OIHCS, and packages.

Space Communications Systcm Applications

thing, signal

A I]hotonic Ka-band tclccol~ll~~~l)licatior~s  systcm, and an optical-samp]cr  for
ad;anccd  coI~lt~l~ll~icatiol~s applications arc dcscribccl  below. -

Ka-band ‘I’cleco)ll]lll)  l]icatior)s systcm: Spacecraft and Satellite
col~l~~l~lllicatio~~s systems usc Ka-band frcqucncics to rcclucc spacecraft antenna
size and mass with incrcascd data rate performance. ‘l’he current systems arc not
compatib]c  with fiber optic bus architectures. Such design concepts have been
evolving with joint  efforts at NASA 1 ~wis Research Center, ancl Jet Propulsion
1.aboratory. Onc such systcm shown in l~igurc 2, is a Ka-band phased array
tc]ccollllllllllicatiolls syslcJn consisting of a ]{l; transponder, a photonic transceiver
OIHC, an optical signal distribution/control network, and phased array
transmit hcccivc 01 HC clcmcnts. ‘1’hc photonic transceiver 0}31C consists of dual
lasers, and modulators, ant] photo diode circuits. Several clistribution and control
network configurations have been identified for specific application
rcq u ircmcnts. These configurations range from single stccrablc beam arrays
using clement lCVC1 optical delay to more comp]cx multiple beam architcctur-cs
using optically proccsscd beam forming networks to both distribute and proviclc
the l<l; phase gradient opti call y, llach architecture relics upon conversion from
optical to Ka-band for transmitting and from Ka-band to optical upon receiving
at the apcrt u re level. ‘J’hc photonic Ka-band telecommunications system has a
potential to rcducc  volume  by a factor of ten and mass by a factor of three
compared to an equivalent electronic il~~l>lcl~lc~~tatio~~,

O p t i c s ] - s a m p ] i n g  I)ow’nconvcrtcr f o r  A d v a n c e d  MiCrOWaVC
Co]llrlll]l]icatio~ls A’pp]ications: l;uturc spaceborne communications
transponders require versatile high speed signal processing and detection
techniques to downconvcrt  and process radio frcclucncy (R}~) signals ranging
from 100 MIIz to 35 GI17,. ‘J’hc number of simultaneous orbit/obscrvati  on
missions arc cxpcctccl  to incrcasc in the car] y pari of the next century. These
missions require simultaneous co~ll~il~lr~icatiol~s  capability at several cliffcrent
frcc]ucncy bands. ‘1’hc usc of optical sampling and detection techniques will offer
cxccllcnt widcband pcrformancc,  signal tracking, and rccluced volume. Pigurc 3
shows a block diagram an optical sampling downconvcrter OIHC consisting of a



wiclcband  optical switch, an illjection laser diocle, a detector-amplifier sanlple-
hold circuit, and a fast rise time pulse generator. The optical-sampling
downccmvcr[er is capable of transform ng received multi-octave-band microwave
signals to intermediate frequencies (1 t ~) for further processing. Along with ultra-
widcband operation, the downconvcrtcr promises to provide direct digitization of
the RI”? signal with low conversion loss, high isolation, and low jitter.  Additional
enhancements promise to simplify the receiver architecture by eliminating most
of the analog IF circuits, including filters, 11~ amplifiers, and mixers. ‘l’his has
the potential for low power operation compared to an equivalent electronic high
frequency sampling illl~)lc~~lclltation. For example, the electronic sampler
designed for IJcep Space Network ground receiver requires about 30 W to
digiti~,c 8 GHz RI; s ignal . The technique can be applied to deep space
transponders, Deep Space Network ground receivers, relay stations, space station
rcceivcrs, satellite communications systems, and microwave instruments.

Conclusions

‘1’hc photonic  technology is a viable and enabling technology for lol~g-ternl
insertion into spacecraft and satellite col~~lll[ll~ications, signal distribution, pha.scd
array, and sensor applications. ‘1’hc technology payoff potentials include high
performance, small si zc, low mass, and low power. Additional benefits include
high isolation, low loss/clispersion, wide bandwicltb, high efficiency, ancl robust
design. Optical sampling and signal processing of 1<17 signals ranging from 100
MHz to 40 GHz is an enhanced technology alternative to conventional electronic
processing.

Photonic technology cm become more competitive, clesi gnable, reliable, and cost-
effcctive by focussing on application oriented research rather than unique onc-of-
a-kind component development. System hardware development and flight
experiments are needed to demonstrate performance advantages of photonic
technology applied to space communications applications.
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